Abstract The aim of this review was to evaluate the clinical significance of serum tumor markers, particularly CEA, CA19-9, and CA72-4, in patients with gastric cancer. A systematic literature search was performed using PubMed/MEDLINE with the keywords ''gastric cancer'' and ''tumor marker,'' to select 4,925 relevant reports published before the end of November 2012. A total of 187 publications contained data for CEA and CA19-9, and 19 publications contained data related to all three tumor markers. The positive rates were 21.1 % for CEA, 27.8 % for CA19-9, and 30.0 % for CA72-4. These three markers were significantly associated with tumor stage and patient survival. Serum markers are not useful for early cancer, but they are useful for detecting recurrence and distant metastasis, predicting patient survival, and monitoring after surgery.
Introduction
The Japanese Public Health Insurance System covers the costs of monitoring patients with gastric cancer using serum tumor markers. Nine types of serum markers are officially certified for use in disease monitoring: carcinoembryonic antigen (CEA) in the sialyl Lewis A group; CA19-9 and CA50 in the sialyl Lewis Tn group; STN and CA72-4 in the mucin antigen group; and CA125, alphafetoprotein (AFP), IAP, and TPA. Many studies have demonstrated the clinical significance of each marker; however, appropriate indications for serum tumor marker monitoring remain unclear. The serum levels of CEA, CA19-9, and CA72-4 may be elevated in patients with gastric cancer at various stages [1] . AFP [2] , CA125 [3] , and STN [4] can be used to detect liver metastases and/or peritoneal metastases. However, low rates of sensitivity and specificity prevent the use of any of these serum markers in early diagnosis. The National Comprehensive Cancer Network guidelines (http://www.nccn.org) do not recommend serum marker testing for preoperative evaluation and staging of gastric cancer.
In this context, the Task Force of the Japanese Gastric Cancer Association for Research Promotion (directed by Dr. Motoki Ninomiya) planned to reevaluate the clinical impact of serum tumor markers in a systematic review of previous publications, focusing mainly on CEA, CA19-9, and CA72-4. The clinical significance of the three other serum markers, AFP, CA125, and STN, was also addressed. Prospective clinical studies can be planned based on the results of this systematic review to elucidate the clinical utility of serum tumor markers.
Manuscript selection
A computer-aided search of the PubMed website (http://www.ncbi.nlm.nih.gov/sites/entrez) was conducted to retrieve relevant articles on serum tumor markers used for gastric cancer. The keywords ''gastric cancer'' and ''tumor marker'' and the serum markers CEA, CA19-9, CA72-4, AFP, CA125, STN, TPA, and IAP were used to search for relevant articles published before the end of November 2012 (Table 1) . Studies investigating the clinicopathological impact of preoperative serum tumor markers used for assessing patients with gastric cancer were selected. Furthermore, case reports, review article, non-English articles, articles that included less than 30 patients, and articles that addressed cancers other than gastric cancer were excluded. Four researchers (H.S., T.N., M.O., and Y.T.) reviewed all the articles, and after applying the inclusion and exclusion criteria arrived at a consensus about articles to be selected at a working meeting. A total of 657 articles were selected from the PubMed database using the keyword ''CEA.'' A total of 46 articles were selected as references for the present review article to evaluate the positive rates for CEA (n = 8,104), CA19-9 (n = 5,300), and CA72-4 (n = 2,774) . In this review, the number of positive patients reported as positive, based on the definition in each original paper, was used to calculate the combined positive rates of patients with early/advanced gastric cancer. The positive rates for each marker at each stage were calculated. Among these 46 articles, 19 articles [1, 9, 12, 15, 19, 20, 22, 26, 27, 31, 32, 34-37, 39, 42, 43, 50] analyzed all three markers, CEA, CA19-9, and CA72-4, which included 2,774 patients (Table 2) . Four discussion points were evaluated for CEA, CA19-9, and CA72-4 from selected articles as follows: (1) positive rates, (2) clinicopathological significance, (3) prognostic impact, and (4) clinical impact during follow-up after surgery and/or during chemotherapy. Finally, we selected 10 other publications that focused only on AFP [51] [52] [53] [54] , CA125 [3, [55] [56] [57] , and STN [58, 59] (Fig. 1) .
The 19 manuscripts that evaluated all three markers in the same group of patients (n = 2,774) showed a similar trend as shown in Fig. 1 (Table 2 ). The positive rate for CA72-4 was the highest among the three markers (Fig. 2) . Among these 19 articles, 12 articles indicated that the positive rate for CA72-4 was the highest among the three serum markers ( Table 2 ). The combination with the highest positive rate was CA19-9 and CA72-4 [15, 50] . Because the average frequency of these three markers was approximately 10 % at stage I (CEA = 13.7 %, CA19- Clinical utility of tumor markers in gastric cancer 27 9 = 9.0 %, and CA72-4 = 12.0 %), they may not be useful for early cancer screening. Although the positive rates for CEA, CA19-9, and CA72-4 were similar in detecting major tumors, CA72-4 had the highest positive rate in patients with nodal involvement or serosal invasion. Therefore, CA72-4 was the most useful marker for detecting advanced gastric cancer [34, 39, 42, 43] .
A recent meta-analysis of Chinese studies also showed that CA72-4 was the best of these three serum markers [60] . The accumulated accuracy rate of CA72-4 was 77 %, which was better than others. CA72-4 was the most highly correlated serum tumor biomarker for gastric cancer in the Chinese population. A combination of CA72-4 ? CEA ? CA19-9 considerably improved the positive rate without impairing the specificity.
Association of elevated serum markers with clinicopathological factors

CEA
The overall positive rates for CEA were 16-68 %. CEA was strongly associated with the T factor [29, 30, 33, 37] , [11] analyzed 68 patients with stage IV gastric cancer using multivariate analysis and concluded that an elevated CEA level was an independent risk factor for predicting liver metastases. A few reports have shown a significant association between elevated CEA and peritoneal metastases [18, 34] . Although several reports showed that elevated CEA was significantly associated with differentiated tumor types [7, 10, 48, 61 ], a few reports indicated an association with poorly differentiated types of tumors [29] . Maehara et al. analyzed the CEA levels in 221 patients with welldifferentiated gastric cancer. The CEA-positive patients had larger tumors, greater serosal invasion, more frequent lymphatic and vascular involvement, less expansive tumor growth, and higher rates of lymph node and hepatic metastases than CEA-negative patients [17] .
CA19-9
The overall positive rates for CA19-9 were reported as 14-68 %. Elevated CA19-9 was associated with tumor depth [30, 37] , nodal involvement [18, 34, 40, 43, 47, 48] , peritoneal metastases [18, 34, 43] , and stage [18, 30, 34, 43, 47] . Of these various clinicopathological factors, CA19-9 was frequently reported to be associated with nodal involvement. The positive predictive value for nodal involvement was reported to be 78-96 % [18, 43, 47] . The positive predictive value for peritoneal metastases was reported to be 27 % [18] or 24 % [17] . Kodera et al. [18] reported that elevated CA19-9 levels were strongly associated with liver metastases.
CA72-4
The overall positive rates for CA72-4 were reported to be 16-70 %, which were generally higher than CEA and CA19-9 [1, 12, 37, 39, 42, 50] . Elevated CA72-4 was associated with tumor depth [28, 37, 43] , nodal involvement [10, 12, 20, 24, 28, 34, 37, 42, 43] , peritoneal metastases [10, 24, 34, 43] , distant metastases [34, 43] , and stage [9, 20, 28, 34, 35, 39, 42, 43] . Ucar et al. [43] reported that 9 of 11 patients (82 %) with liver metastases were positive for CA72-4. Because the positive rate for CA72-4 in patients with poorly differentiated adenocarcinoma was significantly higher than that for CEA (36 vs. 8 %), the overall positive rate for CA72-4 was higher than that for CEA [25] . In patients with Bormann type 2, 3, and 4, the positive rates for CA72-4 were higher than that for CEA. In particular, the positive rate for CA72-4 was significantly higher than that for CEA in patients with Bormann type 4 (67 vs. 11 %) [10] . The positive rate for CA72-4 was higher than that for CEA in stage III or IV patients. In particular, the positive rate for CA72-4 was significantly higher than that for CEA in patients with peritoneal metastases (69 vs. 23 %) [10] .
Association of elevated serum markers with recurrence and patient survival
Because elevated serum markers were generally associated with tumor progression, most previous reports concluded that preoperative elevated serum markers were significantly associated with poor long-term patient survival. [18, 26, 29, 44, 63] . The prognostic value of preoperative CA72-4 was also confirmed by univariate analysis [23, 24] and multivariate analysis using TNM factors [33, 39, 43, 63] . Although none of the three markers was associated with peritoneal recurrences, preoperative positivity for CEA, CA19-9, or CA72-4 was an independent risk factor for hematogenous recurrences of gastric carcinoma, and this point should be considered when selecting adjuvant chemotherapy after surgery for gastric cancer [1, 24, 32, 37] . Among these three markers, preoperative elevated CA72-4 was an independent risk factor for reduced patient survival in a multivariate analysis when co-analyzed with CEA and CA19-9 [63] . Takahashi et al. [38] reported that the CEA levels and/or CA19-9 levels increased for the first time at recurrence (54.7 and 40.0 %, respectively). Sensitivities for CEA and CA19-9, and combinations of the two markers, for indicating recurrence were 65.8, 55.0, and 85.0 % [38] . More than 90 % of patients with elevated preoperative levels of CEA had increased CEA levels again at the time of recurrence. Similarly, the CA19-9 level increased again at recurrence in more than 90 % of patients with high preoperative levels of this marker [38] . Kim et al. confirmed these findings based on follow-up data from 1,117 patients. They concluded that the postoperative elevation of CEA and/or CA72-4 were both independent risk factors for recurrence [1] . Liu et al. [64] also reported that CA72-4 was the highest in sensitivity (35 %) and that the combined triple markers had 62 % sensitivity in the diagnosis of recurrence. They also reported false-positive rates of CEA, CA19-9, CA72-4, and the triple markers were 5.6, 7.0, 9.9, and 18.3 %, respectively [64] . Choi et al. [65] reported that the majority (90 %) of cases with recurrence to the liver had an elevated CEA, whereas an elevated CA 19-9 postoperatively was more predictive of a peritoneal recurrence (78.9 %). CA19-9 may be particularly useful as a marker of peritoneal recurrence, whereas CEA could be a useful marker for recurrence in the liver [65] . Therefore, the patients should have a set of markers evaluated once preoperatively. Measurement during the postoperative follow-up would then be particularly important for those who had elevated preoperative values, although one cannot deny the relevance of measuring tumor markers among patients who did not have an elevated preoperative value.
Doubling time and lead time of elevated serum markers
The reported doubling time estimate, based on the serum level of CEA, agreed with the actual tumor doubling time in 112 previously untreated patients with recurrent gastric cancers [66] . The CEA doubling time ranged from 12 to 105 days, with a mean of 37.5 days. The CEA doubling time was significantly shorter in patients with papillary adenocarcinoma compared with those with well-or moderately differentiated tubular adenocarcinoma. The doubling time was also significantly shorter in patients with liver metastasis than those with lymph node metastasis or peritoneal dissemination. There was also a significant correlation between the CEA doubling time and postoperative survival time of patients who received no chemotherapy.
The serum markers were frequently elevated several months before imaging abnormalities. Thus, the lead time before imaging abnormalities was reduced gradually because of improvements in imaging technology. In 1982, Tamada et al. [5] reported that the lead time for CEA was 8.3 months. Because of improvements in imaging modalities, recent studies (after 2000) reported a shorter mean lead time than that reported earlier (3-5 months for CEA and 2-5 months for CA19-9) [31, 38] . The preoperative seropositive group was more likely to have a longer lead time than the preoperative seronegative group. The lead times for recurrences in the liver, peritoneum, and lymph nodes were 1.2, 3.4, and 3.7 months, respectively, for CEA and 2.1, 1.0, and 3.6 months, respectively, for CA19-9. The lead time for CEA for liver recurrence was significantly shorter than those for peritoneum and lymph node metastases [38] . It was concluded that because the lead time depends on the imaging modalities and follow-up interval, a large-scale prospective study is required to clarify the best strategy for follow-up to improve overall patient survival.
Clinical significance of serum marker monitoring during chemotherapy
Yamao et al. [66] monitored changing patterns in CEA, CA19-9, and CA125 levels during systemic chemotherapy to determine the relationship between changes in the serum tumor marker levels and the response assessment in imaging studies throughout the treatment course. The sensitivity and negative predictive value of falling tumor marker levels after chemotherapy for a partial response in imaging was 100 %. On categorizing the patients as responders or nonresponders, a significant correlation was observed between the assessment of response by tumor markers and by imaging studies. The survival time of responders assessed by tumor markers was significantly longer than that of nonresponders [66] . Catalano et al. analyzed the CEA levels in 175 patients with advanced gastric cancer who received second-line chemotherapy. Univariate and multivariate analyses showed that elevated CEA levels [50 ng/ml were significantly associated with poor overall survival. This analysis suggests that readily available clinical factors may help to select patients with advanced gastric cancer who may benefit from second-line chemotherapy [67] .
Regarding elevated serum marker levels immediately after chemotherapy, Kim et al. [68] reported a transient increase in the CEA or CA19-9 levels despite the clinical benefits of chemotherapy in patients with metastatic or recurrent gastric cancer. CEA and CA 19-9 surges were defined as [20 % increases in these tumor marker levels from the baseline, followed by [20 % drop in subsequent levels compared with the baseline. Of 51 patients who were evaluated for CEA surges, nine (18 %) patients had CEA surges. The median time to the CEA peak and the duration of the CEA surge were 2.8 and 9.1 weeks, respectively. Of 40 patients who were evaluated for CA19-9 surges, 7 (18 %) had CA19-9 surges. The median time to the peak and the duration of the CA19-9 surge were 2.3 and 7.1 weeks, respectively. All patients with these surge phenomena received clinical benefits from chemotherapy. Although increases in serum tumor markers after chemotherapy were general indicators of tumor progression, an initial rise in the CEA or CA19-9 levels after the initiation of chemotherapy should not be an indicator of progressive disease in some cases [68] .
Other useful serum markers for gastric cancer: alphafetoprotein (AFP), CA125, and sialyl Tn antigens (STN) AFP-producing gastric cancers behave aggressively and have a high potential for metastasis to the liver [2, [52] [53] [54] . There was poorer differentiation, a higher incidence of lymph node metastasis, and more marked lymphatic and vascular invasion in the AFP-positive group than in the AFP-negative group [54] .
The diagnostic ability of the serum CA125 was more reliable than other imaging modalities including computed tomography, ultrasonography, and the other serum tumor markers for peritoneal metastasis from gastric carcinoma [3] . The predictive values of the serum CA125 levels at a cutoff value of 35 U/ml resulted in a sensitivity of 39.4 %, a specificity of 95.7 %, and a diagnostic accuracy of 90.8 %. Hwang et al. [57] analyzed the utility of diagnostic imaging and CA125 levels in the sera of 768 patients with gastric cancer. The serum CA125 levels had high sensitivity (38.6 %), specificity (98.4 %), and diagnostic accuracy (91.5 %). Emoto et al. [50] also showed the sensitivities of CA125 for peritoneal metastasis at the initial diagnosis was 46 %. The CA125 level was significantly correlated with the degree of peritoneal dissemination and patient survival [50, 55, 57] .
Takahashi et al. [4, 58] evaluated the clinical significance of the serum STN level as a tumor marker in 350 patients with gastric cancer. Histologically, the tumors in the high STN group were deeply penetrating and the rates of lymphatic involvement, vascular involvement, and lymph node and hepatic metastases were higher. The 5-year survival rate for patients in the high STN group was significantly less than that of patients in the low STN group (44.8 vs. 75.1 %, P \ 0.05). Nakagoe et al. [59] confirmed similar conclusions that high serum STN was an independent factor that predicted liver metastasis and a worse outcome in gastric cancer patients.
Because these three markers could classify advanced gastric cancer into a specific category, measurement during the postoperative follow-up would be particularly important for those who had elevated preoperative values.
In conclusion, this systematic review evaluated 657 publications related to serum tumor markers in patients with gastric cancer (Table 3) . Although no prospective trial has yet been completed to evaluate the clinical significance of these serum markers, this literature survey suggests that combinations of CEA, CA19-9, and CA72-4 are the most effective ways for staging before surgery and chemotherapy. Monitoring those positive markers after treatment should be important. AFP is useful for detecting and predicting liver metastases. CA125 and STN are useful for detecting peritoneal metastases. Any of these serum markers may be a risk factor for poor patient survival. Final conclusions about the clinical utility of these serum markers for patients with gastric cancer during treatment should be clarified in a phase III prospective randomized trial for certain anticancer agents or radical surgery. 
